IgM-ELISA is an immunoenzymatic method useful for detection of IgM antibodies against a fraction of
Laboratory diagnosis of schistosomiasis mansoni is generally performed by fecal parasitologic methods and one of the most frequently used in field studies is the Kato-Katz technique (Katz et al. 1972) . Nevertheless, it is already known the poor diagnostic efficiency of this method when applied to individuals with low worm burden (De Vlas & Gryssels 1992 , Eltiro et al. 1992 , Engels et al. 1996 , Noya et al. 1999 , particularly in epidemiological studies where only one fecal sample per individual is examined. Hence, alternative laboratory diagnostic methods are under evaluation for use in schistosomiasis control programs of low endemic areas. Epidemiological studies carried out in some schistosomiasis endemic areas in the state of Sao Paulo, Brazil, have tested different antigen preparations on the indirect immunofluorescence test (IFT), such as: particles of schistosome adult worm antigen (Dias et al. 1971) , liver fractions containing egg granuloma (Kawazoe et al. 1981) , adult worm frozen sections (Dias et al. 1992a) , and worm paraffin sections, the last one for detection of IgM antibodies against gut-associated antigens (IgM-IFT) (Kanamura et al. 1998b , Lima et al. 1998 .
Good rates of sensitivity for diagnosis of both, acute and chronic schistosomiasis, have been demonstrated by IgM-IFT; and also good specificity was observed when this test was applied in a schoolchildren population with high prevalence for helminth infection, such as ascaridiasis, trichuriasis, and enterobiasis, but no schistosomiasis , Kanamura et al. 1998a , 2002 . However, this technique involves the need of a microscope equipped with a fluorescent lamp and subjective reading of results, rendering difficult its use in more extensive epidemiological studies.
Therefore, researches have been conducted to produce specific antigens that have desirable indices of sensitivity and specificity for use in ELISA, since this technique is better adapted to large scale laboratory diagnosis of schistosomiasis in automated and quantitative assays (Sathe et al. 1991 , Eltiro et al. 1992 , Doenhoff et al. 1993 , Kamal et al. 1994 , Valli et al. 1997 . When the results obtained by an ELISA for detection of IgG antibodies against a crude adult worm antigen preparation (IgG-ELISA) were compared with those obtained by the IgM-IFT, in a schoolchildren population living in a low endemic area, poor index of concordance was observed, better diagnostic efficiency being observed for the IgM-IFT (Silva et al. 1998) . The use of a polysaccharide fraction of the S. mansoni adult worm antigen preparation, soluble in trichloroacetic acid (TCA-soluble fraction), as antigenic substrate in a ELISA method, for detection of IgM antibodies (IgM-ELISA) was evaluated by Oliveira et al. (2003) , in a region of low endemicity for schistosomiasis, showing good degree of concordance when compared to IgM-IFT.
In this paper, further evaluation of the IgM-ELISA was performed on groups of patients with different clinical and epidemiological characteristics. Stool examination -The Kato-Katz method was used for parasitological examination, preparing three slides for each stool sample; S. mansoni egg counts were expressed in epg, using the arithmetic mean of egg counts obtained from three slides, multiplied by 24 (Katz et al. 1972) . KatoKatz negative samples were also submitted to the miracidium hatching method, as follows. Two grams of feces were homogenized in distilled water and then filtered over double layer gauze to remove larger detritus, repeating the filtration until a clear supernatant liquid was obtained. This suspension was then transferred to a volumetric flask and exposed to light, to check the presence of moving miracidium in the supernatant, which can be done with the naked eye, or by means of a magnifying glass. A commercial system, Coprotest  (Cerqueira 1988) , was also used to examine the stool samples of the Group C, preparing two slides for each fecal sample.
MATERIALS AND METHODS

Serum samples
IgM-ELISA -TCA-soluble fraction of the S. mansoni adult worm antigen preparation was obtained as described earlier (Deelder & Kornelis 1980) and used as antigen for coating flat polystyrene plates (Nunc, Brand Products, Denmark), according to previous standardization (Oliveira et al. 2003) . Test sera diluted 1:100 in PBS-Tween-milk (phosphate buffered solution containing 0.05% of Tween-20 and 1% skimmed milk) were incubated for 1 h at 37 o C. After washings, peroxidase-conjugated anti-human IgM (Sigma Chemical Company, St Louis, US) diluted to 1:4.000 was added and incubated for 1 h at 37 o C. After another series of washings, a chromogenic mixture of H 2 O 2 and OPD (o-phenylenediamine) was added. After 30 min in the dark and addition of stop solution (H 2 SO 4 1N), the optical density (OD) was measured at 492 nm, in a microplate reader (SLT-Labinstruments-Spectra I). The test samples were assayed in triplicate, and for each reaction day, serial dilution of a positive control serum, in duplicate, were added, and the cutoff value was determined calculating the arithmetic mean of the OD readings of eight negative control sera diluted to 1:100, plus two or three standard deviations.
IgG-ELISA -For this test, polystyrene plates were coated with crude adult worm antigen, according to methodology described elsewhere (Valli et al. 1997) . Test sera were diluted 1:100 in PBS-Tween-milk and peroxidase conjugated anti-human IgG (Sigma) was diluted to 1:4.000, following the procedure used for IgM-ELISA.
Immunofluorescence test for detection of IgG and IgM antibodies (IgG-IFT, IgM-IFT) -
The IgG-IFT on frozen sections of worms included in Tissue-Tek  (Miles Scientific, Indiana, US) was used to examine the serum samples diluted to 1:10, in duplicate, as already described (Dias et al. 1992) . The immunofluorescence test for detection of IgM antibodies against gut-associated antigens (IgM-IFT) was performed on paraffin sections of S. mansoni worms treated with Rossman's solution, with serum samples diluted to 1:40, as described ). The anti-human IgG and IgM fluorescent conjugates (Biolab, Rio de Janeiro, Brazil) were used according to their optimum titers, determined by block titration against positive and negative control sera. The slides were read at an Olympus BX-FLA fluorescent microscope equipped with a 100W mercury lamp and an excitation filter BP 450-480 with a 100 magnifying power. The samples were defined as positive for IgG-IFT when presented fluorescence in the parenchyma and/or gut of the worms, and for IgM-IFT, when presented fluorescence in the gut of the worms.
Statistical analysis -The comparative analysis for the performance of the different diagnostic methods, calculating sensitivity, specificity, and concordance indices, were done using the statistical package of EPI-INFO 6.04 version (Dean et al. 1995) .
RESULTS
All the patients from Group A had their S. mansoni infection confirmed by fecal examination, 49 by Kato-Katz and one by miracidium hatching method, this last patient being negative by Kato-Katz. According to WHO (1997) , the majority of them can be classified as light infestation, with egg counts less than 100 epg, varying from 8 to 96, with geometric mean of 21.7 epg. Six individuals can be classified as moderate infestation with egg counts ranging from 104 to 320 and geometric mean of 128.5 epg. In Group B, all individuals were confirmed to be negative for S. mansoni, when submitted to Kato-Katz and miracidium hatching method. The individuals of the Group C presented helminth species other than S. mansoni in their fecal examination, with positivity indices of 16.2% (6/37) for Ascaris lumbricoides, 10.8% (4/37) for Strongyloides stercoralis, 5.4% (2/37) for Trichuris trichiura, and 5.4% (2/37) for mixed infestation, A. lumbricoides and T. trichiura.
In a preliminary experiment, for the interpretation of the IgM-ELISA results, two criteria were evaluated: (C1) and (C2), defining as cutoff values the arithmetic mean plus two or three standard deviations, respectively. For the 50 schistosomiasis confirmed patients of Group A, regardless of C1 or C2 criteria, 49 samples were positives, providing a sensitivity index of 98% (Table I) . However, when the two cutoff criteria were evaluated on S. mansoni negative groups, better results were obtained with the second criterion (C2), the specificity of the test being compromised if the first criterion (C1) was adopted. On the basis in these preliminary results, the cutoff value for IgM-ELISA was defined as mean plus three standard deviations.
According to the data on Table I , as determined for the Group A, composed by 50 schistosomiasis confirmed patients, the sensitivity of IgM-ELISA was comparable to IgM-IFT (98%), but lower than the value obtained for IgG-IFT (100%). The specificity of IgM-ELISA was also good, with only two false positive results in 87 non schistosomiasis individuals, one among the 50 clinically healthy individuals of Group B and one on 37 individuals of Group C, giving a specificity index of 97.7% (85/87).
The comparative analysis between the results of IgM-ELISA and those obtained by other immunological methods, on the total of 137 studied samples, showed an almost perfect degree of agreement, with Kappa indices ranging from 0.95 to 0.98 (Table II) .
If the criterion for true schistosomiasis was defined as presence of S. mansoni eggs in the fecal examination, we can classify the 137 studied samples as 50 schistosomiasis and 87 non schistosomiasis. According to this criterion, the diagnostic indices for IgM-ELISA were defined as follow: sensitivity of 98%, specificity of 97.7%, and diagnostic efficacy of 97.8% (Table III) .
DISCUSSION
This study was undertaken with the aim of assessing the performance of IgM-ELISA for diagnosis of schistosomiasis. Three groups of individuals with different clinical and epidemiological characteristics were submitted to this test and the results compared to the fecal parasitologic methods and other serological tests (IgM-IFT, IgG-IFT, IgG-ELISA). For the interpretation of the results of IgM-ELISA two criteria were evaluated: (C1) or (C2) defining as cutoff values the arithmetic mean of the OD readings of eight negative control sera diluted to 1:100, plus respectively two or three standard deviations. Since better specificity was obtained with the C2 criterion, without loss of sensitivity, the cutoff value for IgM-ELISA was defined as mean plus three standard deviations.
The sensitivity of IgM-ELISA was 98%, determined with the 50 parasitologically confirmed schistosomiasis patients on Group A. The unique sample on this group, with an egg count of 16 epg, which was negative for ELISAIgM was also negative for IgM-IFT, but positive for IgG-ELISA and IgG-IFT. An excellent specificity of 98% was observed when tested among the 50 clinically healthy individuals of Group B, with only one false positive result for IgM-ELISA, this sample being also negative for other serological methods (Table I ). In the Group C, composed by 37 individuals living in a region of high prevalence for other helminth parasites, one sample gave positive result for IgM-ELISA, and this unique sample was also positive for other serological tests (Table I) , resulting in a specificity rate of 97.3%, similar to that observed for IgM-IFT, as assessed in a schoolchildren population with high prevalence to A. lumbricoides, T. trichiura, and Enterobius vermiculares (Kanamura et al. 1998a ). This result may suggest a very good specificity of IgM-ELISA, without cross reactivity with other helminth antigens, such as A. lumbricoides, S. stercoralis or T. trichiura, since the serological positivity index for schistosomiasis of 2.7% was lower than the positivity rates for the above mentioned parasite species, respectively 16.2, 10.8, and 4.4%. The possible interference of rheumatoid factor and cross reactivity to A. lumbricoides was checked by searching for reactivity to latex test for rheumatoid factor and previous absorption of serum samples with Ascaris antigen. Other possibilities of serological positivity without detection of Schistosoma eggs should be kept in mind, such as unisexual infection, exposure to free living cercaria other than S. mansoni or contact with other closely related parasite species. Nevertheless, these serological positive results must be interpreted with criterion, taking into consideration other clinical, epidemiological, and laboratory criteria. The egg counts of the parasitologically confirmed patients on Group A varied from 8 to 320, with geometric mean of 31.2 epg. When the quantitative results of KatoKatz method were analyzed in comparison to the OD readings obtained by IgM-ELISA, a fragile correlation level (R = 0.06) was observed, indicating no association between egg counts and IgM antibody levels by ELISA. In a previous paper, lack of association was also observed when egg counts were correlated to IgM antibody levels determined by IgM-IFT according to intensity of fluorescent reaction (Kanamura et al. 2002) . These results showed that the determination of IgM antibody levels could not be an useful marker for classifying infection intensity in schistosomiasis.
The IgM-ELISA, as applied in this study, can be easily executed, presented good reproducibility and excellent diagnostic performance, representing an important tool for application in field studies, specially in low endemic areas for schistosomiasis.
